rain water and snow samples taken from the Kanazawa suburbs were analyzed to determined the metal concentration and pH and to clarify the distribution of metals. A negative correlation between the quantity of precipitation and quantity of trace elements was noted for some metal elements, and it is speculated that they originated from soil, sea water, or artificial contamination.
INTRODUCTION
The trace substances found in rain water or snow are present during the cloud formation process, or absorbed from the air as the moisture is released from clouds in the form of rain or snow. By analyzing these trace substances, it is hypothesized that the extent of pollution in the local atmosphere can be determined. 1) Analysis of trace substances in precipitation has mainly been performed as part of research into rain or snow acidification, concentrating on alkaline metals, alkaline-earth metals, organic acids, and inorganic anions in rain water. 1, 2) It is hypothesized that the main reason for acidification is the incorporation of atmospheric inorganic anions, such as sulfuric acid ion and nitric acid ion, into rain or snow. Previously, the author's group took dry samples and precipitation samples monthly, and found a seasonal variation in the amount of trace elements using ingredient analysis. It was found that the geographi-cal features of the sampling site and weather systems such as the monsoon had a marked effect on the variation. However, some studies have suggested that when such rain falls on soil, changes also occur in river water and groundwater, which are sources of drinking water or water for agricultural use, and metals such as aluminum and cadmium are eluted from the soil. 3) It is possible that heavy metals in water and soil can not only affect the growth of agricultural products and the quality of drinking water but also human health. [3] [4] [5] [6] [7] Since it is thought that such metals are naturally present in precipitation, this study focuses on analyzing the trace metal contents in rain water and snow in Kanazawa city during the 15-month period from May 1992 to August 1993. Based on the results of analysis, the correlation between the amount of precipitation and trace substances was investigated.
MATERIALS AND METHODS

Sampling of Rain Water and Snow
---Rain water and snow were sampled at every precipitation on the first floor roof of the Kanazawa University Pharmacy Department. A polyethylene funnel (diameter 12 cm) was installed perpendicularly at a predetermined fixed point on the roof, and the rain water and snow were collected in a polyethylene container and measured. To prevent movement of the equipment by the wind and to prevent pollution from the concrete floor, a plastic guard container fixed with sandbags was placed around it. The period of precipitation was defined as from when rain or snow started until two hours after it had stopped. The container and the funnel were changed daily regardless of the weather and rinsed and dried with Milli-Q water after immersion in detergent and diluted nitric acid. Pretreatment ---After sampling, pH was measured immediately using a pH meter (YOKOGAWA PH82 type) and 0.1 M acidity was established with the addition of concentrated nitric acid after suction filtration with a membrane filter (FUJI FILM FM-45) with pore size of 0.45 µm. Samples were stored in a cool dark place. 2) The volume of rain and snow was measured in the scalpel cylinder at the time of filtration. Measurement of metal contents was performed twice or more, using the following methods. Determination of Metal Concentration ---Metals were measured using an HITACHI Z-8000-type atomic adsorption spectrophotometer. Eleven elements were measured: aluminum (Al); zinc (Zn); cadmium (Cd); calcium (Ca); chromium (Cr); copper (Cu); sodium (Na); lead (Pb); magnesium (Mg); manganese (Mn); and nickel (Ni). Measurements were performed in the order Al → Mn → Pb → Cd → Cu → Cr → Ni → Zn → Mg → Ca → Na based on the likely contamination from the surrounding environment and the concentration contained, and the measuring method (atomization mode). The fixed-quantity range was as follows: Al, 0.5-100 ppb; Cr, 0.2-25 ppb; Mn, 0.2-50 ppb; Pb, 2-50 ppb; Cd, 0.05-5 ppb; Cu, 0.5-50 ppb; Ni, 1-25 ppb; Zn, 50-1000 ppb; Mg, 10-1000 ppb; Ca, 50-5000 ppb; and Na, 10-5000 ppb. Samples deviating from the fixed-quantity maximum were measured again after dilution with 0.1 M nitric acid. The other main conditions are shown in Table 1 .
RESULTS AND DISCUSSION
The quantities of rain water and snow measured are shown in Table 2 In smaller quantities of rain water, the metal concentration tended to be higher. This was because elements were washed out by the initial precipitation and then diluted by subsequent precipitation. 8, 9) Linear regression analysis between the concentration of elements containing a hydrogen-ion density showed a high correlation (r = 0.5 or more) between Al-Mn-Cd, Zn-Ni, or Ca-Mg-Na (Table 3 ). 10) The first elements in these combinations exists mainly in soil, and the second elements result from artificial pollution, such as a car exhaust fumes. The third elements are found mainly in sea water. Rain sample (no. 92, 98, etc. in Table 2 ) with high pH that fell at the beginning of spring was probably due to the yellow sand contents. Monsoons blowing from the westerly direction were responsible for the high calcium concentration during some periods of rainfall. 2, 11) Long-term continuous measurements of precipitation are useful to determine changes in pollution in an area, based on the concentrations of suspended particles. 12) Moreover, since metal contents in water can affect humans, it is suggested that the determination and continued investigation of the metal content in the atmosphere are important in the future. 
